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SEES Cluster Overview (2011 — 2016)
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Research & Demonstration Programme
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CONTROL

-WP4  Control of Distributed Energy Resources
-WP5  Power System Operations & Control
-WP6 Distributed Control

LOADS & STORAGE

-WP7 Heat Load
-WP8 Storage (large scale, electric vehicle & distributed)

+WP9  Stochastic Processes & Optimisation

ELECTRICITY MARKETS & POLICY

DEFINE MARKET POLICY
& FRAMEWORK -WP10 Markets & Regulation

-WP11 Demand Side Management

ICT & DEMONSTRATIONS
DEMONSTRATIONS -WP12* Demonstration Platform
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Sustainable Electrical Energy Systems

o Renewable resources

o Variable generation characteristics

of cces

o Variable, difficult to predict
spatially distributed.

o Synchronous Electrical Energy
Systems

o Control capability

0 Flexibility
5 Metrics F(rreoeer ‘m

o Load participation

BERKELEY LAB

o Cycling of thermal plant




Renewable Resources




Renewable Resources — Ireland
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European Wind Resources
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The Winner: Wind
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Wind Installed Worldwide 10
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Synchronous Grids in Europe

ELECTRICALLY SYNCHRONOUS(") Z0NES
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Ireland: Very High Wind Penetration

UCTE Nordic GB Ireland
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Source: Global wind energy outlook 2008, EirGrid, UK National Grid, NORDEL, Eurelectric



Load, Wind and CO, Republic of Ireland
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http://erc.ucd.ie/realtimedata/historic.php

EI'C realtime data

electricity research centre

erc home graphical records realtime home

ROl Demand: Max, Min, Average ROl 'Wind: Max, Min, Average

Notes on Data

Download Data: Values quoted represent the

GB Demand: Max, Min, Average

GB Wind: Max, Min, Average

recorded maximum and

minimum values for wind

1 Yea r 3 Months 30 Days generation and system
demand in the Republic of
Units: MW M i n M ax M i n M aX M i n M ax Ireland and Great Britain for
up to a year previous to
Demand| 1,561 | 4,640 | 1,678 | 3,757 | 1,678 | 3,605 K&
] ] ] ] ] ]
Ireland 08/10/2011 0415 131212011 17:30 04/06/2012 05:45 25/04/2012 18:00 04/06/2012 05:45 07/06/2012 17:45 Times are given in local time.
wind | 2 [1474| 2 [1406| 2 |[1,260
Ireland 06/06/2012 08:30 26/11/201119:30 06/06/2012 08:30 28/04/201212:45 06/06/2012 08:30 22/06/2012 16:15 _




EU Targets 20 20 20

EIRGRID wind energy as % of electricity



Rest of Europe integrates West Danish wind
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Penetration Metrics

AEMO, Australian Energy Market Operator, “Wind Integration In Electricity Grids: International
Practice And Experience” WP1, October 2011
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Wind generation variability

May 2011 Wind Output
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http://www.eirgrid.com/
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Monthly Capacity Factor — Ireland

May 2011 - 47%
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Capacity factor (Republic of Ireland)
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Supply Demand Balance
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Wind Forecasting
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Stochastic Unit Commitment
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Meibom, P., Barth, R., Hasche, B., Brand, H., Weber, C. and O”Malley, M.J., “Stochastic optimisation model to
study the operational impacts of high wind penetrations in Ireland”, IEEE Transactions on Power Systems, Vol. 26,

pp. 1367 - 1379, 2011.



Benefits of Improved Forecasting

25

Benefit of Perfect Forecasting over
Stochastic Model

Benefit %
N

0 . .

0 2000 4000 6000 8000
Installed Wind Power (MW)

AIGS (2007): All Island Grid Study. Work-stream 2(b): Wind Variability Management Studies

. Department of Communications, Energy and Natural Resources and UK Department of Enterprise,

Trade and Investment., Dublin, Ireland.




Wind Capacity Credit
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*Keane, A., Milligan, M., D’Annuzio, C., Dent, C., Dragoon, K., Hasche, B., Holttinen, H., Samaan, N., Soder, L. and O’'Malley, M.J.,
“Capacity Value of Wind Power, IEEE Transactions on Power Systems, Vol. 26, pp. 564 - 572, 2011.



Yearly variations
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Deviations (%)
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Hasche, B., Keane, A. and O’Malley, M.J. “Capacity credit of wind power: calculation and data
requirements”, IEEE Trans. Power Syst., Vol. 26, pp. 420 - 430, 2011.



Wind and demand, dance partners ?
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Ireland

South Australia

AEMO, Australian Energy Market Operator, “Wind Integration In Electricity Grids: International
Practice And Experience” WP1, October 2011




Photovoltaic (PV)

PV Qutput
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Aggregation of Sources Seasonal - Ireland

Normalised Power
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N. O’Connell; “An Analysis of Technically Feasible Solutions for a 100% Renewable Electricity System” School
of Electrical, Electronic and Mechanical Engineering, University College Dublin 2010



Correlation wind and wave energy
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Spatially Distributed
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Maximising the capacity of the existing grid

Pi?lzr[?;/ti(?n Wind Farm Bus Number

12 14 15 25 27 29 30
5 0 0 93.1 0 81.4 0 0
6 0 0 101.3 0 90.2 0 0
7 0 0 88.1 9.5 147.0 0 0
8 334 | 389 45.0 355 138.9 0 0
9 736 | 516 44.6 30.9 128.3 0 0
9.5 68.7 | 54.6 515 40.2 132.7 0 0

Burke, D. and O’Malley, M.J., “Maximising firm wind power connection to security constrained
transmission networks” IEEE Transactions on Power Systems, Vol. 25, pp. 749 — 759, 2010.
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Simple Model of the Grid

pull Py Synchronous generator
50/60 Hz

to system inertia
Doubly fed induction Fixed speed wind
turbine generator

generator wind turbine



Wind Turbine Inertial Response
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Mullane, A. and O’Malley, M.J., “The inertial-response of induction-machine based wind-turbines”,
IEEE Transactions on Power Systems, Vol. 20, pp. 1496 — 1503, 2005 .
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http://www.eirgrid.com/media/Renewable Studies V3.pdf
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Frequency response USA
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Eto, J., J. Undrill, P. Mackin, R. Daschmans, B. Williams, B. Haney, R. Hunt, J. Ellis, H. Illian, C. Martinez, M. O'Malley, K.
Coughlin, and K.H. LaCommare,""Use of Frequency Response Metrics to Assess the Planning and Operating Requirements for
Reliable Integration of Variable Renewable Generation", Lawrence Berkley National Laboratory, Berkeley, 2010.
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Aggregate Emulated Inertial Response

o Potential response from wind will be stochastic -
dependent on:

2 Number of turbines online
2 Operating level of wind turbines

1 2000
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Emulated Inertia Impact on Frequency Response

o Frequency nadir can be improved

Rate of change of frequency (ROCOF) issue may remain

on small isolated systems
02 [ [ [ [ [

0.18~  —=No emulated inertial contribution |
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20.12- :
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Energy Harvesting Networks (EHN)
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EHN Capability
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IEEE 30 bus test system
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Planning Technique
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Flexibility
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Flexibility metrics
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Lannoye, Flynn & O’Malley, Evaluating Power System Flexibility, IEEE Trans.

Power Systems, Vol. 27, pp. 922 - 931, 2012.



Load participation




Yearly Load & 100 % Wind
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Business model




ransmission
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Impact of Aggregation on Wind Variability
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Wiser, R., Z. Yang, M. Hand, O. Hohmeyer, D. Infield, P. Hjuler Jensen, V. Nikolaev, M. O’Malley, G. Sinden, A. Zervos, 2011: Wind Energy. In IPCC Special
Report on Renewable Energy Sources and Climate Change Mitigation [O. Edenhofer, R. Pichs-Madruga, Y. Sokona, K. Seyboth, P. Matschoss, S. Kadner,
T. Zwickel, P. Eickemeier, G. Hansen, S. Schléomer, C. v. Stechow (eds)], Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.






Public Acceptance of Transmission




Cycling




Effects of Cycling
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Impact of Dynamic Cycling Costs
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Troy, N., Flynn, D., Milligan, M. and O'Malley, M.J., "Unit commitment with Dynamic
Cycling costs", IEEE Transactions on Power Systems, in press, 2012.



Total system costs
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